Introduction
Up to now, the main method of suggesting possible functions of the newly deciphered amino acid sequences has been to search them for similarity with sequences available in protein banks such as PIR (Barker et al., 1999) , SWISS-PROT (Bairoch and Apweiler, 1999) and others. As these banks grow larger, such comparisons become more promising but at the same time more timeconsuming. In addition, in the case of distant proteins the search for global similarity of complete sequences may fail to show a positive result, because the conservative blocks responsible for their special functions may prove to be relatively short and scattered all over the sequence. This may be why a number of works appeared in the last few years, aimed at the selection of sites in groups of related proteins. These sites are representative of a protein family as a whole, and both identify new proteins and refine structural and functional properties of those already known. Such databases as PROSITE (Hofmann et al., 1999) , BLOCKS (Henikoff and Henikoff, 1991; Henikoff et al., 1999) , PRINTS (Attwood et al., 1999) are among the most well known and accessible via Internet. There is also a number of other similar databases, i.e. PFAM (Bateman et al., 1999) , SBASE (Murvai et al., 1999) , IDENTIFY (Nevill-Manning et al., 1998) .
The advantages of such databases, representing protein families, arise from comparing an amino acid sequence with a relatively small pattern as a representative of a protein family, and not with a set of long sequences of this family. Furthermore, comparison algorithms could be simplified because there is no need for sequence alignment, which also speeds up the process. The level of noise (random similarity) is lower, because comparison is usually made with patterns that are already characterized and represent conservative intervals of positions. This appears most clearly when a family is represented by a few relatively short pattern motifs.
However, the common shortcoming, found for the most part in secondary databases, is the fact that they contain a limited number of patterns (profiles, motifs, alignments or other representations of protein families). In general, PROSITE contains well-defined manually constructed patterns. BLOCKS and PRINTS in the beginning were in some extent expansions of PROSITE with subsequent developments. In turn, IDENTIFY is based on BLOCKS and PRINTS.
We have devoted our efforts towards developing a technique and construct pattern for the greatest possible number of proteins belonging to the SWISS-PROT+TrEMBL (Bachinsky et al., 1996 (Bachinsky et al., , 1997 . We are convinced that if a secondary bank is not really representative, it would not be widely used. It is because of negative results in the comparison of a sequence with this bank that the user is forced to consult other banks or make direct comparisons of the sequence with large banks of sequences.
Systems and methods
Programs for using patterns were written in Microsoft Visual C++ 5.0. for IBM compatible computers running Windows 95 or Windows NT. Amino acid sequences were taken from release 38 of the bank SWISS-PROT and release 11 of TrEMBL (1999) . The selection of related proteins was made using modified FASTA 2.0. algorithm (Pearson, 1994) . Multiple alignments of the amino acid sequences were performed by means of the CLUSTALV program (Higgins et al., 1992) and the default set of parameters.
Algorithms
The selection and concurrent alignment of related protein groups All full-length sequences of prototype banks that were over 30 amino acids in length were combined in one file. In order to select groups of related proteins, a special program was written based on FASTA 2.0 (Pearson, 1994) . The first sequences of the file was compared with all other sequences. The sequences were regarded as similar if score/ ln(l 1 )/ ln(l 2 ) * ln 100 * ln 100 > 80. The sequences similar in the sense of FASTA form a primary set of related proteins. Then, the next sequence not included in a group of related proteins was compared with all other proteins, and so on.
It is known that in the case of distant protein homology many algorithms of multiple alignment lead to doubtful results strongly dependent on parameters such as, insertion penalties, similarity matrix, etc. To provide quality alignment, the pairwise similarity level was prescribed 30% or more, for it is known that at smaller similarity global alignment often makes no sense (Vogt et al., 1995; Patthy, 1987) . Pairwise similarity of the proteins belonging to a set was assessed by the program CLUSTALV (Higgins et al., 1992) . Then, if not all pairs of proteins had 30% similarity, the set was divided into subsets so that all pairwise similarities were at least 30%. Thus, more than 13 000 subsets or groups were obtained, containing more than 100 000 sequences.
Proteins of every subset were aligned together. The files containing aligned sequences were supplemented with two fields: DE (description(s) of proteins forming the group), and KW (key words; mainly the union of values of field KW for proteins falling into the set). Patterns were constructed based on such aligned families.
The construction of patterns of protein families
We will regard the combination of motifs that represent relatively conservative intervals of positions of aligned proteins of the family as a pattern of a family of related proteins.
Let there be an interval of positions of an aligned family of related proteins of length n. A i denotes a subset of amino acids of 20 standard ones, located at a position i of the interval. An amino acid sequence of length n will be considered to belong to the given interval (motif), if for every position a i ∈ A i , where a i is the amino acid located in position i of the sequence. To every position i of a group of aligned proteins the value
that is the frequency of occurrence in proteins one of amino acids from A i located in this position may be ascribed. Here p l is the frequency of occurrence in proteins of amino acid a l , located in this position. Q j is the product of the values P i for positions falling into interval of positions j and may, accordingly, be the characteristic of this interval. The value Q j constitutes an assessment of probability that a random amino acid sequence of length n will belong to interval j. The smaller Q j is, the smaller is the probability that, in a protein (a random sequence) not related to the given group, a fragment belonging to the interval can be found. Thus the smaller Q j is, the greater is its ability to differentiate fragments of proteins of the trial sample from fragments of other proteins, i.e. its specificity.
Some positions may be marked as 'passive' or 'nonmeaningful' (in comparison with patterns of PROSITE). They do not influence the definition of value Q j , and comparison of these positions is not implemented in pattern analysis (any amino acids are acceptable). In our case all positions that had more than four amino acids and/or the total frequency of amino acid occurrence more than 0.2, were regarded as passive. Having analysed the structure of the bank PROSITE, we found out that about 80% of the bank's patterns fall into the following boundaries: up to 10 'active' positions and a total length of no more than 20 positions. We also used these limits when choosing pattern motifs.
Having set some critical value of the Q , for a series of chosen proteins one can get a set of motifs R(Q , l 1 , l 2 ), the borders of which are limited to l 1 , l 2 . Characteristics of motif j are the value Q j that determines its specificity, and length n.
To ensure an effective realization of comparison algorithm between sequences and patterns, we demand that every motif should contain an ungapped section of no less than four active positions.
The motifs of patterns are represented by ambiguous words of the type:
Thus, an initial pattern of a protein family is an ordered combination of nonoverlapping motifs of the type r :
Here r is position number of an aligned group of proteins (the trial sample), where the motif begins, A i is a set of amino acids, located in r + i − l position of the trial sample. For a passive position A i = X : any amino acid is acceptable. The number of motifs does not exceed 5 per 100 positions.
Each pattern is compared with all sequences of the initial file. If not less than 60% of motifs of a pattern reveal similarity with a sequence that is not included in other families, an attempt to include this sequence into the trial sample is made. If any motif is non-specific (i.e. it matches many sequences, but other motifs of the pattern do not match them) the motif is excluded from the pattern.
Comparison of amino acid sequences with patterns
The searches for exact matching between fragments and pattern motifs of amino acid sequences The main algorithm for comparing an amino acid sequence with the pattern database uses the modification of finite automaton of Aho-Corasic (Aho and Corasic, 1975) , constructed based on a set of samples, which are to be searched for in the input text. The automaton is presented as an oriented tree-like graph, where nodes are states of the automaton and arcs are admissible transitions from some states to the others, marked with symbols from the alphabet S of the amino acid designation. The automaton works in cycles. In every cycle one more symbol of a text is read, which determines the transition of the automaton from the current state into a new one. The behaviour of the automaton is characterized by three functions: function of transitions G(s, a); rejections' function F(s) output function O(s). The values of these functions are calculated once when constructing the automaton based on a given set of samples. In Figure 1 the functions of the automaton constructed on the set of samples R = {r 1 , r 2 , r 3 , r 4 , r 5 } = {HE, SHE, HIS, HER, HERS} The output function O(s) indicates the list of motifs, represented by a sample (as a sequence of arc labels on the way from initial state '0' into 's'), a successful search for which is realized as the automaton passes into state s.
When constructing the automaton, in every motif four neighbouring positions are chosen (the core of a motif), having minimum value of the product P i and containing no passive positions. Then this core is converted into exactly determined words of length 4 that act as samples in constructing automaton. If coincidence of a current fragment of an input sequence and one of the automaton samples is observed, comparison is performed (up to the first non-coincidence) of all the other motif positions from the list of the output function, and the corresponding fragments of the sequence (the stage of extending the core). According to the results of this stage, the final decision is made on whether there is similarity or not.
The search for distant similarity
To reveal a distant similarity, the algorithm of comparison is modified. The user specifies the matrix of similarity of amino acid residues [e.g. using the one from families PAM (Dayhoff et al., 1972) , BLOSUM, etc.] and Dthe level of similarity within the limits of motif. For all states of the automaton, the function of rejection is set to zero. Besides, a sequence as a whole does not input to the automaton, but to specially processed words. Preparing words, additional to the initial fragment and the search process are as follows:
A. For every fragment of the input sequence of length 4 the value S 0 is calculated-the sum of values of diagonal elements of the matrix of similarity for amino acids of the fragment. Then the value S 0 = S 04 + 6 * S m is calculated, where
is the average value of diagonal elements s ii of the scoring matrix, p l is the frequency of occurrence in proteins of amino acid i. The coefficient 6 is chosen because the length 10 is the most usual for motifs. B. Supplementary 'similar' words are constructed. For each possible word of length 4, the sum of elements of the similarity matrix
is calculated. Here k and l are indices of amino acids of the initial fragment and the supplementary word kl is an element of the similarity matrix. If S does not differ from the sum of diagonal elements for the corresponding amino acids of the fragment by a value greater than (100 − D) * S 0 /100 where D (%) is the point of similarity, specified by the user, the word is accepted.
C. All these words are passed to the entry of the automaton consecutively. In the case of coincidence with the sample, the following values are calculated: S 1 0 the sum of diagonal values of the similarity matrix for amino acids of the fragment, corresponding to active positions of the motif, and
similarity of the motif to the fragment. Here k is index of amino acid, located in the position of the fragment, max(S
kl ) is the maximum value of similarity for amino acid k of the fragment and amino acids l, located in position i of the motif. If
then the decision is made about the existence of the prescribed degree of similarity.
The comparison of patterns with the parent banks
To examine the recognizing ability of the patterns and exclude certain motifs, which are non-specific for a given family, all patterns were compared with all the proteins of the SWISS-PROT+TrEMBL. In the routine comparison between patterns and the banks only exact similarities of two or more motifs per a pattern were registered, i.e. the cases when fragments of amino acid sequences belong to the motifs. The comparisons made the inclusion of hundreds of sequences into trial samples possible. The similarity is regarded as 'positive' one, if at least one of the two following conditions is met. The last condition needs some clarification. Proteins are considered to be related to the trial sample proteins, if they have the same name that the trial sample has, possibly supplemented with words HYPOTHETICAL, PROBABLE, POSSIBLE, PRECURSOR, CHAIN, etc., descriptions of localization of sequences (MITOCHON-DRION, CHLOROPLAST, PLASMID), its composition in the case of polyproteins, a note concerning the type of the chain, etc. The similarity is considered 'conditionally positive' (UNKNOWN), if at least one of the DE or KW words of the pattern coincides with one of the words determined in fields DE and/or KW of the sequence. Thus, proteins are defined as conditionally related if they possess some common function (e.g. hydrolases, dehydrogenases, oxidoreductases, etc.) or some specific features of their structure (for instance, transmembrane segments). All other cases of similarity are regarded as false positive. As a result of comparison with the bank, a pattern bank entry is created, similar in its structure to entries of PROSITE. The example of such entry is given in Figure 2 . Descriptions of the fields are given in Table 1 . 
Discussion
In the first version of PROF PAT, patterns were selected in accordance with the principle of small variability of several physicochemical properties of amino acids (Bachinsky et al., 1997) . However, the use of this bank in actual practice revealed its shortcomings. Its large size and the time-consuming procedure of comparison compelled us to modify its construction principles to a certain extent.
In version 1.3. presented here, the total number of motifs in more than 13 000 patterns is over 200 000 with specificities varying from one expected false positive predicition in 10 8 tests and higher. The total combined length of patterns is about 2 million positions.
To find a distant similarity, a very fast flexible compar-ison procedure is employed, using the modified algorithm of Aho-Corasic (Aho and Corasic, 1975) , various matrices of similarity/distance for amino acid residues, the predetermined grade of similarity between a fragment of an amino acid sequence and a pattern motif. The results of comparison of patterns with all sequences of release 38 of the SWISS-PROT and release 11 of TrEMBL are given in Table 2 . Patterns identify nearly 130 000 of amino acid sequences as having shown 'positive' or 'conditionally positive' similarity. In the latter case, the similar sequences, not included into the trial samples, are usually identified.
Almost all sequences of the trial samples are recognized by all motifs of the corresponding patterns. Certain violations of this rule are due only to the presence of non-standard symbols in the particular sequences of the trial samples that have fallen into the intervals of positions represented by pattern motifs.
A number of cases of false-positive similarity may be divided into two classes. Sometimes it is a really chance similarity. However, sometimes two or more pattern motifs show similarity to the fragments of a certain sequence; the order of the fragments' locations often correspond to that of the motifs' locations, which increases even more the certainty that the similarity is not random. In most cases, false-positive similarity is revealed with sequences described only as products of some genes, and this information is not included into descriptions of patterns (see some examples in Table 3 .).
All patterns were searched in proteins of more recent version of SWISS-PROT that were absent in the parent version (file new seq.dat on the EBI server, 21, September 1999). This comparison was made with the purpose of testing PROF PAT for sensitivity and to work through the technology of the bank update. The first 500 complete long sequences (i.e. 30 or more amino acid residues in length) that do not contain the words 'PUTATIVE' or 'HYPOTHETICAL' were selected for testing. Comparison was carried out at an 80% level of similarity. Matrix 250 PAM was used. There were 73 sequences unidentified (no significant matchings). Two sequences were identified by patterns that have DE fields different from DE fields of the sequences. There were 425 sequences identified as 'positive'. Of these 500 sequences 285 contain links to PROSITE patterns, and 245 sequences contain links to PFAM. From 1480 new sequences of TrEMBL described as ORFs, 419 were undoubtedly identified. It should be mentioned that some of these matchings refer the sequences to patterns or protein groups described as ORFs or HYPOTHETICAL PROTEINS also. IDENTIFY assigns biological functions to 25-30% of all proteins encoded by the Saccharomyces cerevisiae genome and by several bacterial genomes (Nevill-Manning et al., 1998) . Thus, the results of comparisons for these two banks are alike. Some other comparisons of the PROF PAT and other secondary banks are presented in Table 4 . They show that PROF PAT exceeds the most popular banks PROSITE, PRINTS, and BLOCKS under such indexes as number of patterns and motifs. The more pattern motifs show similarity to the sites of a query sequence, the higher would be the likelihood that the amino acid sequence is related to proteins of the trial sample (Henikoff and Henikoff, 1991) , especially if the order of the motifs' coincides with that of the sample proteins. We can not make direct bulk comparisons of PROF PAT with other banks because other banks (with the exception of PRINTS) do not provide a search of many sequences in one connection.
Thus, we have constructed a bank of patterns for protein families, representing about two-thirds of the full-length protein sequences of the bank SWISS-PROT release 38 and TrEMBL release 11. The fast flexible search program for close and distant similarity provides comparisons of amino acid sequences of interest with the bank of patterns in the interactive mode. The PROF PAT technology update has been developed and tested, so the new versions of PROF PAT will be created following each new versions of SWISS-PROT + TrEMBL.
